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of tillage and management strategies: Enhancing sustainability through
soil-health-promoting practices
Abstract
Comparisons across the three Iowa research sites, with histories ranging from three to 17 years, allowed the
research team to examine of the effects of crop rotation history (short vs. longer) and system (organic vs.
conventional) on weed management, crop productivity, soil quality and soil microbial communities.
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Q Do farming systems with histories of long crop rotations, slowly mineralized sources of nitrogen (from natural, 
recycled materials like composted manure), and cover crops 
perform better in terms of pest suppression, weed management, 
and healthy soil microbial communities than two-crop 
conventional farming systems with synthetic inputs?
A By studying and collecting over 25 sets of biological data, researchers are beginning to answer this question by 
determining equivalent yields where crops are grown on land with a history of longer 
rotations with oats and alfalfa, and non-synthetic inputs are used. Soil microbial 
community analysis showed the presence of more than 11,000 distinct bacterial taxa 
at the Neely-Kinyon Long-Term Agroecological Research (LTAR) site, with bacterial 
communities within the organic soils different from the bacterial communities in the 
conventional soil. This suggests that organic management provides a rich resource of 
food for the soil microbes, which fuels microbial growth, and subsequently increases 
microbial biomass. 
Background
The project hypothesis is that farming systems will accrue long-term economic and 
environmental benefits through the use of integrated methods of tillage, crop rotation, 
and cover crops. These practices will promote soil health, suppress competitors, 
and minimize the negative impacts on beneficial organisms while improving overall 
productivity of the system. The research team will evaluate performances at several 
Iowa experimental sites with different cropping histories and management practices.
The project objectives were to:
• Identify cropping systems that maximize yields, increase profitability, limit 
pests (especially weed populations), and promote soil health, while minimizing 
nutrient loss and fostering carbon sequestration; 
• Determine the effects of cropping systems with different management histories 
on soil health, water quality and soil microbial community structure and function 
related to nutrient cycling and carbon sequestration; 
• Enhance conservation, environmental, energy and economic outcomes on farms 
by developing systems-based IPM/BMP guidelines to suppress weeds, augment 
biological controls, and improve soil health; and 
• Develop and demonstrate educational tools to promote soil conserving practices 
for producers, extension personnel, NRCS, and other agricultural professionals 
that include technology transfer techniques of workshops, field days and 
webinars, utilizing a farmer-centered approach. 
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Approach and methods
Field and laboratory studies were employed to examine the effects of different 
cropping histories and management strategies on soil quality parameters including 
organic matter, carbon sequestration, soil microbial biomass and microbial community 
structure and function. Researchers used DNA extraction, amplification, and analysis 
to provide characteristic profiles that reflect microbial differences, and water quantity/
quality. For soil quality analysis, five randomly located soil cores 
(0-15 cm) were removed from each plot every fall after harvest, but before any tillage 
operations. The cores were mixed together to produce one composite sample from 
each plot. Agronomic endpoints that were determined included pest suppression, 
yields, grain quality, and economic performance.
Results and discussion
The Neely-Kinyon LTAR experiment in Adair County, Iowa, was started in 1998 to 
examine suitable crop rotations that provide high yields, grain quality, and adequate 
soil fertility during the three-year transition to organic production and following 
certification. Using identical crop varieties in both conventional corn-soybean (C-S) 
and organic three- and four-year crop rotation systems, organic corn yields following 
two years of alfalfa (C-S-O/A-A) have been statistically equivalent to conventional 
corn, averaging 162 bu/acre over the long term.  This is in comparison to conventional 
corn which provided 120-145 lb/acre of synthetic nitrogen, which averaged 169 bu/
acre. Organic soybean yields, averaging 49 bu/acre, have been similar or greater than 
conventional soybean yields at 47 bu/acre. The organic oat 13-yr 
average was 97 bu/acre compared to the county average of 63 bu/
acre. The organic alfalfa 13-yr average was 4 tons/acre compared to 
county average of 3.5 tons/acre. 
For all years, organic returns have averaged twice those of 
conventional returns, despite lower yields in times of excess rain 
and loss of N from composted manure fertilization. Weather in 
2013 and 2014 was challenging, with excessive rains in May and 
June, and drought in July and August. This called for constant on-
site management and timeliness in planting, rotary hoeing, and 
cultivation for weed control for successful organic yields. 
Weed populations were highest in the organic C-S-O/A corn plots; similar in the 
C-S-O/A-A and C-S-C-O/A plots; and lowest in the conventional corn plots. In the 
soybean plots, the organic C-S-C-O/A rotation had the highest amount of weeds, with 
no difference in weeds between the organic C-S-O/A and C-S-O/A-A plots and the 
conventional plots. Weeds were greater in organic plots, likely because of wet fields 
in spring, which created poor conditions, leading to delays of seven and nine days 
between planting and the first rotary hoeing in corn and soybeans, respectively. For 
good weed management in organic crops, the first rotary hoeing should occur within 
two to three days after planting. Over the last two years, organic corn yields in the 
organic four-year rotation (C-S-O/A-A) averaged 141 bu/acre when compared to 
conventional yields of 145 bu/acre. The highest organic corn yield consistently occurs 
in the longest rotation. Organic soybean yields were highest in the C-S-O/A rotation at 
34 bu/acre compared to 39.8 bu/acre in the conventional C-S rotation.
At the Organic Reduced-Tillage (ORT) site, Boone, Iowa, organic soybean yields 
Mowing rye before planting 
soybean in Organic No-Till
(Photo courtesy Kathleen 
Delate.)
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were exceptionally good in 2014. They averaged 44 bu/acre with a 3 bu/
acre increase in the no-till (rolled/crimped rye) vs. mowed rye plots. 
Crop rotation sequence did not affect yields. Soybean cyst nematode 
populations were below economic threshold levels. Weed populations 
developed rapidly in the excessive spring/summer rains, and consisted 
of annuals (primarily foxtail and lambsquarter) and perennials (thistles, 
clover and bromegrass). On August 24, weed populations in the soybean 
row averaged three grass weeds/ft2, with no differences based on rotational 
history or 2014 tillage. 
The weather was very challenging at the Organic Water Quality (OWQ) site on the 
Marsden Farm near Boone, Iowa, in 2014, with rains affecting nitrogen retention 
in both organic and conventional plots. Organic corn yields averaged 112 bu/acre 
compared to 116 bu/acre in conventional plots, with no statistical difference 
between systems. Organic soybeans averaged 46 bu/acre compared to 56 bu/acre 
in conventional plots, also with no statistical difference between systems. Weed 
management was excellent at this site, with no difference between grass and broadleaf 
weed populations in soybean plots, and only small differences in corn plots. 
At the LTAR site, soil quality was consistently higher in the organic rotations relative 
to the conventionally managed corn-soybean rotation from 2012 to 2014. In the fall of 
2012-2014, the organic soils had more soil organic carbon, total N, microbial biomass 
C, labile organic N, higher P, K, Mg and Ca concentrations, and lower soil acidity 
than conventional soils. The four-year organic rotation had higher microbial biomass 
C and more stable macro-aggregates than the three-year organic rotation in the fall of 
2013. This suggests that the extra year of alfalfa increased the resistance of the four-
year organic rotation to extreme drought in the summer of 2013.  At the ORT site, 
soil quality differences were observed for soils sampled in the fall of 2014 after crop 
harvest, but treatment differences were difficult to detect because of variability among 
field plots. 
Macro-aggregates comprised a greater proportion of the total soil mass in the no-till 
soil compared with the mowed treatment. (The no-till plots have been under reduced-
tillage management since 2008.) Macro-aggregation is an integral indicator of soil 
dynamic change, where enhancement also is related to changes in soil structural 
stability and water infiltration and storage.  At the OWQ site, average subsurface 
drainage water NO3-N concentration from November 28, 2014 through February 9, 
2015, was 12.9, 3.6 and 0.4 mg L-1 for conventional C-S, organic C-S-O/A-A and 
organic pasture, respectively.  Subsurface drainage water nitrate-N loss for the three 
year period from the conventionally managed C-S system (79.2 kgN/ha) was nearly 
twice as much as from the organically managed C-S-O/A-A (39.9 kgN/ha). The 
pasture (16.5 kgN ha-1) lost the least amount of N over the three-year period.
Regarding the study to assess differences in soil bacterial community composition 
at the LTAR site, data suggested the presence of more than 11,000 distinct bacterial 
taxa in soils at this field site.  The conventionally managed plots are grouped together 
separate from the organically managed plots which demonstrates that the bacterial 
communities within the organic soils differ from the bacterial communities in the 
conventional soil. Soils collected from organic plots had significantly higher microbial 
biomass C and N and more biologically active organic matter than the conventional 
Neely-Kinyon LTAR Field 
Day 2015.
(Photo courtesy Rachel 
Tan.)
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soil. These data suggest that soil bacterial communities in the organic plots may differ 
because organic management provides a rich resource of food for the soil microbes, 
which fuels microbial growth, and subsequently increases microbial biomass. 
Work continues on this program through the efforts for XP2015-03. 
See http://www.leopold.iastate.edu/grants/xp2015-03
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